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Theoretically a  pacemaker can be produced at any spot where the 
1,.I). can be sufficiently reduced and a  sharp potential gradient can be 
maintained.  This  can  be  done  experimentally  1 by  means  of  KC1, 
chloroform, or ethyl alcohol. 
Pacemakers occur  spontaneously in  many cases  and may produce 
a variety of rhythms3  In  studying these  we  have  observed  a  phe- 
nomenon which recalls a well known feature of auricular flutter in  the 
heart; i.e.,  when the auricle beats 300  times per minute the ventricle 
may beat at half that rate?  In this case every other negative varia- 
tion of the  auricle is registered in the ventricle. 
The situation in Nitella  is shown in Fig.  1.  The cell was arranged 
as in Fig: 2.  A series of negative variations, originating spontaneously 
from a pacemaker near the right end of the cell, passed in succession 
through  E,  D,  and  C.  The  negative  variations  at these  spots  are 
recorded  by separate  strings  and  are  shown on  the  record  at  C,  D, 
and E.  4 
The record begins at the point marked 1 with a  monophasic nega- 
tive  variation  shown  by  the  upward  and  downward  5 movement  of 
the  action  curve  at E,  followed by similar movements at D  and  C. 
After a second variation a break occurs at 2.  At 3, two more move- 
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ments  occur  at  E,  followed  by  single  movements  at  D  and  C.  In 
the movements  starting at 4,  each movement  at E  is followed by one 
at  D  and  C. 
Such  a  state  of  affairs may  evidently  depend  on  a  change  in  the 
refractory period.  It  has  been  suggested  6 that  the  refractory period 
depends  largely on  the  time  required  to  move  back  into  the  sap  the 
potassium  which  has  moved  out  during  the  action  current.  This  in 
turn  would  depend  on  the  permeability  of  the  protoplasm  and  the 
forces  producing  the  movement  of  potassium:  these  forces  are,  of 
course,  derived, from metabolismJ 
Fro. 1.  Photographic record of negative variations, the cell being arranged as 
in Fig. 2. 
A series of negative variations, originating near the right end of the cell, passed 
in  succession through  E,  D,  and  C  (Fig. 2).  The variations at  these spots are 
recorded by separate strings and are shown on the record at C,  D, and E.  The 
record begins at the point marked 1, with a monophasic negative variation shown 
by the upward and downward movement of the action curve at E,  followed by 
similar movements  at D  and  C.  After a  second variation a  break occurs at  2. 
At 3 two more movements occur at E, followed by single movements at D and C. 
In the movements starting at 4, each movement at E  is followed by one at D and 
at C. 
Room temperature 22°C.  The vertical lines are 5 seconds apart. 
60sterhout, W. J. V., J. Gen. Physiol., 1934-35, 18, 215. 
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FIo. 2.  Diagram of a series of paraffin cups A to F, with a single cell of Nitella 
passing through all of them.  ~  represent string galvanometers (three strings 
inserted in the single magnetic field of a Type A Cambridge  string galvanometer) 
with  vacuum  tube amplifiers,  arranged as  short  period voltmeters.  Ag-AgCI 
electrodes dip into the cups.  Cf. Osterhout, W. J. V., and Hill, S. E., Y. Gen. 
Pkysiol., 1933-34, 17, 87.  A, B, C, D, and E  are in contact with 0.01 ~  NaCI. 
F  is in contact with 0.01 M KC1.  The cell had been kept for 2 hours in 0.01 
NaCI before use. 
S~RY 
A  series of negative variations passing  along the cell may reach a 
region  where  only  every other  variation  registers.  This  condition 
may be temporary.  It would seem  to depend on a  local change in 
the refractory period. 